ZnO is distinguished multifunctional material that has wide applications in biochemical sensor devices. For extracellular measurements, Zinc oxide nano-rods will be deposited on conducting plastic substrate with annealing temperature 150°C (ZN R P150) and silver wire with annealing temperature 250°C (ZN R W250), for the extracellular glucose concentration determination with functionalized ZN R -coated biosensors. It was performed in phosphate buffer saline (PBS) over the range from 1 mM to 10 mM and on human blood plasma. The prepared samples crystal structure and surface morphologies were characterized by XRD and field emission scanning electron microscope FESEM respectively.
Introduction
For many biochemical pathways such as glycolysis, Glucose is very important. A high glucose level in human blood is diabetes mellitus indicative due to metabolic disorder resulting from defective pancreatic function. The measuring glucose levels importance and it is commonly oxidized by enzymes, has led to most biosensors focusing on glucose. Glucose biosensors are based on glucose recognition by the glucose oxidase enzyme (GOD).
Nano-science and nanotechnology offer new manufacturing intracellular medical devices ways based on bioactive nano structures. This can cause fundamental changes to the measurements and biological + 6processes understanding in disease and health. Moreover enable novel interventions and diagnostics for treating diseases like diabetes [1, 2] .
Recently nanotechnology has enabled intracellular sensing technologies that provided more accurate medical information for miniature devices that automatically could manage treatment and diagnosing diseases more rapidly [2] [3] [4] [5] . Nanotechnology has introduced exciting and new opportunities by using novel intracellular techniques based on nano-structure materials, for instance glucose biosensors [3] .
The nano-materials use has allowed many new signal transduction technologies introduction in biosensors resulting in improved sensitivity performance.
Zinc oxide (ZnO) is very interesting to biological sensing owing to many favorable properties. It is a distinguished material with some special properties owing to the wide direct band gap (3.37 eV) and large exaction binding energy (60 meV). Extensive research efforts recently have been focused on the ZnO microand nano-materials synthesis, characterization and device application [6, 7] . ZnO nanostructures can have significant applications in optics, optoelectronics, optics, actuators and sensors due to their remarkable piezoelectric and semiconducting properties [8, 9] .
Zinc oxide nano-rods high surface-to-volume ratio provides a large specific surface area for the GOD adsorption, and thus comparatively more active sites for catalysis. In most electrochemical glucose biosensors, the sensing mechanism is based on an enzymatic reaction catalysed by GOD enzyme [10] [11] [12] .
The aim of the present work is to prepare wurtzite ZnO nanorods deposited on conducting plastic substrate at annealing temperature 150°C (ZN R P150) and silver wire (0.25 mm in diameter) at annealing temperature 250°C (ZN R W250) as working electrodes. For ZnO electrochemical enzyme-based glucose biosensors fabrication, glucose oxidase was immobilized on Zinc Oxide nanorods thin film on the mentioned electrods. Then the ZN R P150 and ZN R W250 working electrodes electrochemical responses against silver/silver Chloride (Ag/AgCl) reference electrode will be measured at room temperature (about 25°C sensors is useful in detection of some common diseases in Egypt such as diabetes.
Experimental details

Materials and methods
Zinc Oxide nano-rods thin films were prepared in two stages (seed layers and nano-rods growth using both sol-gel Technique S-G and aqueous chemical growth deposition techniques ACG), respectively. The seed layers is used for the surface modification of the substrate it provides nucleation sights for the growth of nano-rod structures and helps to enhance the density as well as the homogeneity of particles. For substrates pre-treatment, cleaning the substrates prior to Zinc Oxide nanostructure synthesis is one of the most paramount to obtain the desired morphology and quality of the material. The substrates are processed through ultrasonication in ethanol solution for 15 min and then in deionized water. This process helps to remove dust and unwanted chemicals from the surface of the substrate and provides a clean surface which can be used for further procedure. A coating seed solution was prepared by dissolving Zinc acetate dehydrate (Zn (CH 3 COO) 2 Á2H 2 O) in mixed solution of mono-ethanolamine (NH 2 -CH 2 CH 2 OH) MEA and 2-methoxyethanol at room temperature (about 25°C), Then it was stirred at 50°C for 2 h until yielding a clear and homogeneous solution. The mixed solutions were aged at room temperature for another 24 h [7&13].
By using both dip and spin coater methods the seed solution was deposited on different kinds of substrate; conducting plastic, silicon, silver wire and borosilicate glass capillary tube tip with 3000 rpm speed for 30 sec. Several film layers were deposited then dried at room temperature and finally placed in pre-heated laboratory oven at two different annealing temperature 150 and 250°C for conducting plastic substrate and silver wire, respectively in order to decompose the zinc acetate dehydrate into Zinc Oxide nano-particles. After uniformly coating the substrates with Zinc Oxide seed layers, the Zinc Oxides nano-rods growth was achieved by immersing Zinc Oxides seed-layer in 150 mL of [0.025 M Zinc nitrate (Zn (NO 3 ) 2 ) and 0.025 M hexamethylenetetramine (HMT, C 6 H 12 N 4 )] aqueous solution using ACG method. The ACG reaction temperature was kept at temperature 90 -95°C for 4-6 h. ZN R TF were grown on the mentioned substrates with seed layers annealing temperature 150°C &250°C respectively; for (a) conducting plastic (ZN R P150) and (b) silver wire (ZN R W250). Finally, the substrate were removed from the solution, then immediately rinsed in de-ionized water to remove any residual salt from the surface, and dried in air at room temperature. The resulting ZN R TF structures were characterized by X-ray diffraction (XRD) and high resolution scanning electron microscope (FESEM).
Biosensor preparation
For Zinc Oxide nano-rods -based glucose electrochemical biosensors fabrication, the ZnO nano-rods thin film deposited on two different substrate kinds were covered by Enzyme glucose Oxidase (GOD immobilization) as working electrodes.
GOD solution was prepared by using glucose Oxidase (GOD), (type x-s). Before the enzymes (GOD) immobilization on the working electrode surface, the sensor working electrode was rinsed with Phosphate Buffered Saline (PBS) to generate a hydrophilic surface. To immobilize the enzymes (GOD) on ZnO nano-rods working electrodes, prepared GOD solution was deposited and left at room temperature for 2 h for drying.
All enzyme working electrodes were stored in dry condition at 4°C when not in use. After finishing these steps, the sensors were initially checked potentiometrically in two solutions, the former is the glucose stock solution which prepared from D-(+)-glucose 99.5% and Phosphate Buffered Saline (PBS) [containing Na 2 HPO 4 , KH 2 PO 4 , sodium chloride and KCl at pH 7.4] in the range from 1 mM to 10 mM and the later is human blood cells plasma.
The most electrochemical glucose biosensors mechanism is based on an enzymatic reaction catalyzed by GOD. As a result of this reaction, d-gluconolactone and hydrogen peroxide (H 2 O 2 ) are produced. These two products and the oxygen consumption can be used for the glucose determination. With the availability of H 2 O 2 in the reaction, gluconolactone is spontaneously converted to gluconic acid which form the charged products of gluconate À and proton (H + ) at neutral pH (about 7), according to the following two formulas given in (1) and (2).
ZnO nano-roads high surface-to-volume ratio provides a large specific surface area for the GOD adsorption, and thus comparatively more active sites for catalysis.
Electrochemical measurements with ZnO nano-rods-based glucose biosensors
The electrochemical cell voltage (electromotive force) changed when the test electrolyte composition was altered. These changes can be related to the concentration of glucose ions in the test electrolyte via a calibration procedure.
The ZnO nano-rods-based glucose biosensor electrochemical response against an Ag/AgCl reference electrode was measured at room temperature (about 25°C). PH meter (model 3510 Metrohm) was used to measure the potentiometric output voltage of the prepared glucose biosensors [13] [14] [15] [16] [17] .
Results and discussion
X-Ray diffraction (XRD)
The ZN R P150 XRD pattern is shown in Fig. 1 . It was synthesized by using seed layers sintered at 150°C. High C-axis orientations pure hexagonal wurtzite structure was detected; Card number [01-089-1397].
The ZN R P150 showed the highest peak intensity at 2 ɵ°= 34.45°f or (0 0 2) plane. The strong, sharp and clear presence peak is corresponding to the ZN R p150 (0 0 2) crystal plan indicated that the nano-rods growth orientation along the C-axis direction has an Fig. 1 . XRD patterns for ZN R P with seed layers prepared at annealing temperature 150°C. excellent crystal quality. All diffraction peaks can be indexed to the ZN R P150 hexagonal structure.
Field emission scanning electron microscope (FESEM)
ZnO nano-rods surface morphologies were investigated by using FESEM on as shown in Figs. 2 and 3 deposited on two different substrate kinds such as plastic substrate and silver wire, respectively. The Zinc Oxide nano-particles seed layers importance is to develop the possible nucleation site for the growth of ZN R , to enhance surface films as top surface smoothness, uniform density and equal length and vertically aligned along the c-axis. ZN R have a rod-like shape with hexagonal cross section and primarily aligned along the c-axis (perpendicular to the substrate) which corresponds well with the XRD results. Fig. 2 (a & b) shows the obtained ZN R P150 FESEM images at different areas and two different magnifications at 2.000Â and 30.000Â, respectively, ZN R P150 have a rod-like shape with hexagonal cross section, they vertically aligned and distributed uniformly with 63.59 nm diameter.
However they obtained ZN R W250 FESEM images give the morphological information at different magnifications (a) panoramic view at 400Â and (b) by focusing on small area at 45.820Â for the later as shown in Fig. 3 (a & b) . Rods-like shape ZN R W250 were appeared, with hexagonal cross section vertically aligned and distributed uniformly on all round sides silver wire surface.
We can conclude that ZN R W250 with seed layers at annealing temperature 250°C are denser and highly oriented more than ZN R -P150 with seed layers at annealing temperature 150°C.
Then they obtained FESEM results indicated that the seed layer annealing temperature is directly influenced the ZN R formation.
Adjusting the nano-particles Zinc Oxide density film is a preferable way to control the nano-rods diameter.
The FESEM results are completely compatible with the previously reported [6, 7, 13] . Who suggested that the Zinc Oxide nanorods diameter decreased by increasing Zinc Oxide nano-particles density while orientation becomes better by increasing Zinc Oxide nano-particles density.
Dielectric properties of the ZnO nanorod thin films
Figs. 4 and 5 show the dielectric constant (έ) and dielectric loss (e 00 ) as a function of frequency ranging from 1 Hz up to 100 KHz at different temperature ranging from 30 up to 110°C for ZN R P150. From the figures It is clearly seen that (έ) and (e 00 ) are found to decrease rapidly at low frequency and decreases with substantially increasing in applied frequency until reaching nearly constant value for both of them at higher frequency.
The variation of έ and e 00 in the low frequency region is due to space charge polarization or the interfacial polarization. In a nano crystalline material, majority of atoms reside in the grain boundary or within a few atomic layers from the boundary. It is reported that the oxide materials contain oxygen vacancies. An oxygen vacancy is equivalent to a positive charge and hence possesses a dipole moment. In nanostructure materials it is expected that the defect density is very high. Therefore the ZN R P150 grain boundaries should be rich in oxygen vacancies and thereby should contain high dipoles density. Exposed to an external electric field, the dipoles will rotate leading to an increased polarization in ZN R P150, causing έ high value in the low frequency regions which can be accounted for this type of polarization.
The increase of dielectric constant έ and dielectric loss e 00 with temperature is expected according to the hopping charge carrier's theory for polarization. The high dielectric constant έ and dielectric loss e 00 at low frequency and high temperature can be discussed due to the permanent dipole moments presence which indicated a small effective charge separation. In general, this behavior can be ascribed to the partially electronic polarization, which plays a significant role in this region. At relatively high temperature there are more than one polarization type are expected. This was attributed to the ionic polarization that begins to play a role in cooperation with the electronic one.
The ac electrical conductivity (r ac ) versus the frequency for ZN R P150 at different temperature has been studied for ZN R P150 in the frequency range from1 Hz to 100 KHz as shown in Fig. 6 . From the figure it is clear that the ZN R P150 electrical conductivity (r ac ) decreases with increasing frequency. It has a large value at low frequency and are found to decrease rapidly at low frequency and decreases with substantially increasing in applied frequency. Fig. 7 illustrates the ac conductivity (r ac ) dependence on temperature ranging from 30 up to 110°C for (ZN R P150) at different frequencies. It was observed that the ZN R P 150 electrical conductivity increases with increasing in temperature.
ZN R P150 and ZN R W250 as glucose biosensors
Figs. 8 and 9 Show the Calibration curves for the potential difference between working and reference electrodes, ZN R P150 and ZN R W250 as glucose biosensor working electrodes against Ag/AgCl reference electrode in response to glucose concentrations in PBS solution. The glucose concentration in human blood plasma can be detected from the mentioned curves.
Using ZN R P150 and ZN R W250 glucose biosensors, the glucose concentration measurements in PBS solution with concentration ranging from 1m M to 10 m M give rise the following output; slops 00 as a function of log frequency for (ZN R P). Fig. 6 . A.C. electrical conductivity as function of log frequency for (ZN R P). Fig. 7 . A.C. electrical conductivity as function of log frequency for (ZN R P). Fig. 8 . Calibration curve for the potential difference between ZN R P150 as glucose biosensor electrode vs Ag/AgCl reference electrode in response to glucose concentrations in PBS, the glucose concentration value in human blood plasma was marked at the x and y axis dashed curve. Fig. 9 . Calibration curve for the potential difference between ZN R W250 as glucose biosensor electrode vsAg/AgCl reference electrode in response to glucose concentrations in PBS, the glucose concentration in plasma of human blood was marked at the x and y axis dashed curve.
resulting from that the glucose dependence are linear with sensitivity calculated from linear equation was found to be equal 159 and 164.4 mV/decades and a regression coefficients R 2 = 0.97 and 0.98 respectively (have a little bit difference) for glucose sensing. the linear equations for glucose biosensors based on ZnO nanorods thin film deposited on plastic substrate (ZN R P150) and on silver wire (ZN R W250) calibration curves are shown in Tables 1 and 2 respectively. From the tables, the experimental results measured by our new biosensor are nearly the same as the theoretical value obtained from linear equations, showing the biosensors efficiency.
By using the same mentioned ZN R P150 and ZN R W250 glucose biosensors, the glucose concentration in human blood plasma can be measured.
The comparison between the obtain experimental data for glucose concentrations in human blood plasma by using ZN R P150 and ZN R W250 glucose biosensors, respectively according to calibration curves with the theoretical data due to linear equation and the results obtained from Accu-Chek Equipment for glucose concentrations measurement is shown in Tables 3 and 4 .
For ZN R P150 glucose biosensor, the measured potential response equal to 153.3mVcorrespond to À2.35 in log glucose concentration as marked in Y and X axis respectively as shown in Fig. 8 , which is equivalent to 4.4 m/l glucose concentration, this value is equal to 88 gm glucose. While the measured potential response for human blood plasma by using ZN R W250 glucose biosensor was found to be equal to158.5 mV corresponding to À2.35 in log glucose concentration as marked in Y and X axis respectively as shown in Fig. 9 , which is equivalent to 4.4 m/l glucose concentration, this value is equal to 88 gm glucose.
The obtain results are Consistent with the results obtained from Accu-Chek equipment for glucose detection, informing that the ZN R P150 and ZN R W250 -based glucose biosensor are highly sensitive to glucose concentration measurements. Fig. 10 showed the reproducibility from one glucose biosensor to another in human blood plasma. The proposed biosensor reproducibility and stability were tested by using the two mentioned biosensors ZN R P150 and ZN R W250 -based glucose biosensor prepared separately using the same procedure. The relative standard deviation of the functionalized ZN R -based glucose biosensor in human blood plasma was varying with less than 3%, this indicated a good reproducibility.
Conclusion
The sol gel and aqueous chemical growth methods were succeeded in ZnO nano-rods thin films preparation deposited on two different substrate forms: conducting plastic (ZN R P150) and silver wire (ZN R W250), to be applied as glucose biosensors application. The prepared films have hexagonal structure as revealed from XRD and FESEM analysis. ZnO nano-rods with average diameter equal to (22-63.5 nm) were uniformly distributed and aligned vertically. Two fabricated glucose biosensors ZN R P150 and ZN R W250 were used successfully for glucose concentration measurements in both human blood plasma and PBS. The potentiometric responses were studied in human blood plasma and in glucose stock solution (PBS) with concentration ranging from 1 mM to 10 mM. The calibration curves for the logarithmic glucose concentration in PBS solution and on human blood plasma versus the output voltage response by using the mentioned biosensors, shows good linearity for a wide glucose concentration range with sensitivity slopes calculated from linear equation curves equal to 159 and 164.4 mV/decades and a regression coefficients R 2 = 0.973 and 0.980, respectively for glucose sensing. For glucose concentration measurements in human blood plasma, the obtain experimental results are consistent with the results obtained from Accu-Chek equipment for glucose detection. This informing that the ZN R P150 and ZN R W250 glucose biosensors are highly sensitive to glucose concentration measurements in extracellular solutions.
The presented work overall aim is to introduce a new advanced biosensors technique accurate, faster, sheep, easily and not affect by the kit damages, damages by using the nanotechnology to act as an alternative to the currently used devices for glucose concentrations measurement, to help in detection of some common diseases in Egypt such as diabetes.
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